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ABSTRACT 
Int J Exerc Sci 3(3): 70-78, 2010. Poorly healing wounds affect millions around the world, yet 
preventive methods and low-cost, effective treatments are few. Wounds heal quickly through 
well-coordinated phases in those who are healthy and active but can become chronically non-
healing as a result of disease and inactivity. Recently it has been reported that moderate aerobic 
exercise accelerated healing rates in the aged. High levels of inflammation are known to delay 
wound healing, and aging and disease are associated with chronically increased inflammation. 
Therefore, exercise may help speed healing by reducing inflammation to healthier levels not only 
in the aged, but also in other populations with increased inflammation. Further research is 
needed to better characterize the anti-inflammatory effects of exercise and specific mechanisms of 
accelerated wound healing. 
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INTRODUCTION 
 
Type 2 diabetes is on the rise around the 
world, and one of the main health concerns 
for this population is poorly healing 
wounds (see figure 1). Delayed and 
chronically non-healing wounds can result 
in increased pain, loss of mobility, and 
decreased productivity and quality of life. 
This is not only of interest to individuals 
with diabetes, but it also affects the 
financial health of the community in which 
they live. Chronic wounds affect millions of 
people worldwide, and in the United States 
alone the associated health care cost is $25 
billion annually (36). 
 
Since the number of people with delayed 
healing is growing rapidly, such as those 
with diabetes, obesity, and the aged, 
interventions are needed to quickly and 
economically treat this public health 
problem. One such intervention is regular 
aerobic exercise. However, to date very few 
studies have examined the impact of 
exercise on wound healing. This paper will 
review the evidence for the impact exercise 
can have on wound healing, especially in 
those with delayed healing, and will 
explore some potential ways by which 
exercise may improve healing rates.  
 
Wound Healing Overview 
 
Wound healing is a complex, well-
coordinated process that includes the 
circulatory, immune, and endocrine 
systems. The phases of healing include 
hemostasis/coagulation, inflammation, 
proliferation, and remodeling. Progression 
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through the stages in a timely manner is 
critical to avoid chronic, non-healing 
wounds. A brief outline of the stages is 
presented here. For a more detailed 
description, there are many wound healing 
review articles available in the literature (3, 
8, 26). 
Hemostasis 
After an organism is wounded, the highest 
priority is to control bleeding. Therefore the 
first phase of wound healing is 
characterized by platelet degranulation 
leading to the formation of a thrombus 
(clot). When platelets are exposed to 
collagen and thrombin (released from 
intrinsic and extrinsic clotting cascades) 
they are activated and begin to aggregate. 
They secrete fibrinogen and fibronectin, 
which ultimately lead to the formation of a 
platelet plug. The matrix that results from 
this process serves as a pathway to help 
guide inflammatory cells that arrive soon 
afterwards into the wound site (26). 
Platelets also release many cytokines and 
growth factors, including platelet derived 
growth factor (PDGF), transforming growth 
factor alpha (TGF-α), transforming growth 
factor beta (TGF-β), and epidermal growth 
factor (EGF) (8). This leads to an 
inflammatory response which serves to 
clear away bacteria and other pathogens 
that have crossed the usually unbroken 
barrier of the skin.  
 
Inflammation 
Recruitment of polymorphonuclear 
lymphocytes (neutrophils) and 
macrophages are key events in the 
inflammatory stage. Neutrophils are 
recruited first, then macrophages. These 
cells are recruited by chemokines such as 
interleukin 1 beta (IL-1β), keratinocyte 
chemoattractant (KC), and monocyte 
chemotactic protein 1 (MCP-1). 
Chemokines upregulate adhesion 
molecules that facilitate the process of cells 
leaving the blood and entering the wound 
site by a process called diapedesis. They 
home in on the wounded area by following 
a concentration gradient of chemokines 
generated by cells at the wound site. Once 
there, neutrophils can begin to carry out 
their function of killing pathogens and 
clearing damaged and dead tissue. 
Neutrophils also generate enzymes and 
toxic oxygen molecules (reactive oxygen 
species) which are used to kill pathogens 
(8). This process goes on for several days, 
and it can be prolonged if significant 
amounts of bacteria have gotten into the 
wound environment. Once any pathogens 
have been removed, neutrophil recruitment 
to the wound site drops off and they are 
phagocytosed and eliminated by 
macrophages and fibroblasts.  
 As platelets and neutrophils begin to 
decline in number, monocytes circulating in 
the blood are drawn to the wound site 
where they mature into macrophages. This 
process begins within a day or two of 
wounding and can continue for weeks. 
Macrophages serve many roles in wound 
Figure 1. Chronic non-healing lower leg wound in 
69-year-old pre-diabetic female. Used by 
permission. 
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healing, including killing of pathogens, 
phagocytosis, wound debridement, 
secretion of cytokines and growth factors, 
cell recruitment, and stimulation of 
angiogenesis (8). Among the many 
cytokines and growth factors produced by 
macrophages are IL-1, interleukin 6 (IL-6), 
PDGF, TGF-β, EGF, fibroblast growth factor 
(FGF), tumor necrosis factor alpha (TNF-α), 
and vascular endothelial growth factor 
(VEGF) (41). Since macrophages participate 
in both inflammation and wound repair, 
they are thought to play a role in the 
transition between the stages of 
inflammation and repair (8).  
 
Proliferation  
A main purpose of the proliferation phase 
of wound healing is for the skin to once 
again become a functional barrier. 
Keratinocytes and fibroblasts begin to 
proliferate, producing fibronectin and 
collagen, which lead to re-epithelialization 
of the wound (8). This temporary 
epithelium serves to keep out foreign 
substances like bacteria and will be 
replaced by a stronger epithelium during 
the remodeling phase. Three or four days 
after wounding, granulation tissue begins 
to form. This tissue is granular in 
appearance and is composed of 
macrophages, fibroblasts, and new blood 
vessel growth (8). Since blood supply to 
much of the wounded area has been cut off, 
growth of new blood vessels to deliver 
oxygen and nutrients is critical to rapid and 
effective healing. Several factors, including 
low oxygen and lactic acid, are potent 
stimulators of angiogenesis in this 
environment (26).  This is also when wound 
contraction (the process of the wound 
getting smaller) is completed (see figure 2). 
Wound contraction occurs when fibroblasts 
undergo a phenotypic change to 
myofibroblasts, which contain contractile 
proteins.   
 
 
 
 
 
 
 
 
 
 
 
Remodeling 
Finally, the long remodeling phase involves 
developing and remodeling the 
extracellular matrix for weeks and months. 
As the composition and structure of the 
extracellular matrix change, tensile strength 
increases, replacing fibronectin with type III 
collagen, which is then replaced with the 
more stable type I collagen (8). Remodeling 
and collagen turnover are tightly controlled 
by collagenases, matrix metalloproteinases, 
and tissue inhibitors of matrix 
metalloproteinases (TIMPs). Eventually the 
wounded area gets close to its pre-injury 
strength.   
 In the young and healthy, these 
overlapping stages proceed quickly and 
without complication. However, the wound 
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Figure 2. This figure shows 
representative pictures of 
wounds in diabetic mice 
healing over time. These 
photos were taken 2, 4, 6, 8, 
and 10 days after the 
wounding procedure was 
performed. 
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healing process can be delayed and 
disrupted in many people by aging and 
disease, creating a need for interventions to 
correct the delays. 
 
AGENTS INFLUENCING HEALING 
 
Many influences that delay wound healing 
have been evaluated, including medical 
(such as steroid medications), lifestyle (such 
as smoking), and biological (such as 
advanced age), but few have been found 
that can improve healing (20). Agents that 
improve healing include hyperbaric oxygen 
therapy (15), certain nutritional therapies 
(7), and estrogen (17). In terms of delayed 
wound healing, exercise has the potential to 
be both a preventive measure and a 
treatment when wounds become chronic. In 
addition, exercise is cost effective, avoids 
the side effects of most medications, and 
confers a host of other positive health 
benefits.  
 
In 2005, Emery et al. published the first 
paper evaluating the effects of exercise in a 
population with delayed wound healing. In 
that study the subjects were healthy older 
adults (average age = 61) who exercised at a 
moderate intensity three days a week for a 
total of three months. Control subjects were 
asked to not change activity levels during 
that time. Wounds created in subjects in the 
exercise group healed (decreased to less 
than 10% original size) significantly faster 
(29 vs. 39 days) than those in the sedentary 
control group. 
 
These results were similar to a study on the 
effects of exercise on wounds in older mice 
published in 2008 (25). Moderate aerobic 
exercise (~70% VO2 max) was performed on 
a motorized treadmill by aged female mice 
(Balb/cByJ, 18 months old). Wounds in the 
exercised mice contracted at a faster rate 
than control mice and the pattern of healing 
was closer to that typically found in young 
mice (Figure 3).   
It is well known that a sedentary lifestyle is 
associated with many negative health 
consequences, including increased rates of 
obesity, diabetes, and heart disease. There 
is also evidence that lack of physical 
activity can impair healing. Two conditions 
that simulate being sedentary, mechanical 
unloading and microgravity support this 
claim. When rats’ hindlimbs are suspended 
to simulate bed rest, not only do they 
experience muscle wasting and thinning 
bones, but wound healing patterns are also 
affected. Wound closure is delayed and the 
function of critical cell types such as 
keratinocytes and endothelial cells are 
impaired (33). Several phases of wound 
healing have also been reported to be 
disrupted under conditions of 
microgravity, as well as decreased 
production of growth factors and cytokines 
(12). Therefore, not only is exercise a 
positive stimulus for healing, but a 
decreased amount of exercise is a negative 
influence. 
 
When hypothesizing about the mechanisms 
of accelerated healing from exercise, Emery 
et al. (10) suspected there may be an effect 
Figure 3. This figure shows a wound from a 
sedentary control mouse on the left and a wound 
from an exercised mouse on the right. Both photos 
were taken three days after the mice were wounded. 
The wound on the right has a smaller area due to 
faster wound contraction.  
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of exercise on the inflammatory phase of 
wound healing. This suspicion was 
confirmed in a later study (25). When 
wounds in old mice were evaluated for 
inflammatory cytokines, the cytokines were 
lower in the exercised group. So what is the 
relationship of inflammation to healing? 
 
INFLAMMATION AND WOUND 
HEALING 
 
Inflammation is a critical part of many 
physiological processes and is an important 
part of wound healing. However, most of 
the literature agrees that lower levels of 
inflammation lead to faster and better 
wound healing (38). Most of the evidence 
comes from research on animals, where 
those with lower levels of inflammation 
have rapid and effective healing of wounds.  
 
Three decades of research have established 
that wounds created in mouse fetuses, 
which exhibit low levels of inflammation, 
heal much faster than wounds in adult mice 
(for example, 27). When mice are bred to be 
deficient in specific cell types or cytokines 
(mutant or knockout mice) they can be used 
to evaluate the roles each cell or cytokine 
plays in the healing process. For example, 
PU.1 null mice lack macrophages and 
neutrophils and have greatly reduced levels 
of inflammation, but they heal faster than 
wild type mice (28).  
 
On the other hand, in mice that have high 
levels of inflammation, such as mutant 
diabetic mice (C57BLKS/J-m +/+Leprdb or 
db/db), wound healing is delayed and 
numbers of neutrophils and macrophages 
stay elevated much longer in the wound 
healing process when compared to wild 
type mice (42). By administering antibodies 
to neutralize several cytokines, researchers 
found that this elevation is a result of 
increased expression of chemoattractants 
such as MCP-1 beyond the usual time 
course of their expression in non-diabetic 
mice. The authors also found a prolonged 
inflammatory stage of healing measured by 
an elevation of TNF-α mRNA and IL-1β 
protein. These increases were seen as late as 
13 days post wounding, but levels in 
control mice were dropping by day five. 
Therefore, a dysregulation in cytokines and 
chemokines related to inflammation may be 
an underlying cause for the delays in 
wound healing in these mice. In all these 
studies of wound healing, high levels of 
inflammation are associated with delayed 
healing, while low levels of inflammation 
lead to faster and better healing. 
 
EXERCISE AND INFLAMMATION 
 
There is an increasing amount of evidence 
demonstrating that regular physical activity 
and/or exercise may decrease levels of 
inflammatory markers in the blood. A few 
large epidemiological studies point to an 
inverse relationship between activity and 
inflammation, although no causal 
relationship can be claimed. For example, 
Ford (14) examined NHANES III data and 
found that the more active the subjects 
were, the less likely they were to have 
elevated levels of C-reactive protein (CRP), 
a common measure of systemic 
inflammation. Of the sedentary subjects, 
21% had elevated CRP, where only 17% of 
lightly active, 13% of moderately active and 
8% of vigorously active subjects did.  
 
Many (but not all) studies show the effects 
of exercise on systemic inflammation in 
populations where inflammation tends to 
be high, such as in the aged. In men and 
women over 65, CRP and four other 
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markers of inflammation were lowest in the 
most active subjects (16). Colbert et al. (9) 
examined CRP and TNF-α in adults 70-79 
years of age and found that higher levels of 
exercise were associated with lower levels 
of both markers of inflammation. In 
addition, among those who were 
considered non-exercisers, those who were 
more physically active also had lower levels 
of CRP (but not TNF-α). Heart rate 
recovery, a measure of fitness, has also been 
shown to be inversely correlated to CRP 
levels in older adults (40). In the DNASCO 
study (34), a six-year randomized trial in 
middle-aged Finnish men, the men 
assigned to the aerobic exercise group had 
consistently lower CRP levels at yearly 
intervals.  
 
In other populations known to have 
elevated levels of inflammation, the effects 
of exercise have been similar (29). One such 
group is breast cancer survivors: 15 weeks 
of aerobic exercise decreased the levels of 
CRP in the serum, but it increased slightly 
in the control group over the same time 
period (11). Cadet et al. (6) found that 
Parkinson’s patients had an increase in anti-
inflammatory cytokines, such as IL-10, after 
regular exercise. Heart failure patients had 
a decrease in TNF-α and other pro-
inflammatory cytokines after 12 weeks of 
exercise (1). In those with rheumatoid 
arthritis, increased amounts of physical 
activity reduced circulating levels of CRP 
(30). The list of inflammatory-linked 
diseases that can be improved by regular 
activity is growing all the time. 
 
However, not all studies have found a 
consistent decrease in inflammation (4, 39). 
Findings vary depending on the age of 
subjects, the length and intensity of 
exercise, how and when inflammation is 
measured, and the subject’s starting fitness 
level. Despite the exceptions, most of the 
evidence points towards an anti-
inflammatory effect of exercise and/or 
physical activity. For more details about the 
relationship of exercise and inflammation, 
several recent review articles are helpful 
(13, 24, 31, 43). Understanding how 
physical activity and exercise can most 
effectively lower inflammation both 
systemically and locally is key to making 
public health recommendations based on 
rigorous research. 
 
However, in almost all of these examples, 
the reduction in inflammation is measured 
by systemic markers in the blood. Can the 
anti-inflammatory effects of exercise also 
been seen in local tissues? In one study that 
measured five inflammatory cytokines in 
wound tissue, exercised mice had lower 
levels of three cytokines, tumor necrosis 
factor alpha (TNF-α), monocyte 
chemotactic protein 1 (MCP-1), and 
keratinocyte chemoattractant (KC), and 
they also healed faster than sedentary 
controls (25).  
 
EXERCISE AND OXIDATIVE DAMAGE 
 
There is much evidence that the production 
of reactive oxygen species and resulting 
damage is increased in many populations, 
including the aged, diabetics, etc. (22, 23). 
In any person, damage caused by free 
radicals could result in delayed wound 
healing. Indeed, one consequence of 
prolonged hyperbaric oxygen therapy, 
designed to improve wound healing, is 
increased free radical production and 
potential tissue damage (2, 5, 35). However, 
there is strong evidence to suggest that 
moderate aerobic exercise can increase anti-
oxidant enzyme activities which can 
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prevent damage caused by free radicals (18, 
32). 
 
Hoffman-Goetz et al. (21) reported an 
increase in expression of such enzymes 
(catalase and glutathione peroxidase) in 
mice after 16 weeks of freewheel running. 
Glutathione peroxidase and superoxide 
dismutase were increased in rats after one 
year of swim training (19). Similar results 
have been found in human subjects. In 
middle-aged obese women, six months of 
aerobic exercise (treadmill 
walking/running) resulted in higher 
resting levels of glutathione peroxidase and 
superoxide dismutase (37). Therefore, 
regular exercise may play a role in 
increasing the body’s ability to prevent 
damage from free radicals, thus 
accelerating healing.  
 
SUMMARY 
 
For the millions of people around the world 
who suffer from impaired wound healing, 
finding effective, low-cost ways to improve 
healing is an urgent need. From a health 
care perspective, the increasing cost 
associated with chronic wounds also makes 
it a high priority. Since there are so many 
factors that can delay healing, including a 
sedentary lifestyle, the news that exercise 
may speed healing can be used by public 
health professionals to battle this growing 
problem. With the incidence of diseases 
associated with increased systemic 
inflammation on the rise, and since 
increased inflammation is known to delay 
healing, it is even more important to get the 
word out that exercise has the potential to 
decrease inflammation and damage from 
free radicals, allowing wounds to progress 
in a timely manner through the stages of 
healing. However, further research is 
needed to confirm the effects of exercise in 
other populations at risk, including the 
obese and diabetic, and to help elucidate 
the mechanisms responsible for this effect. 
 
ACKNOWLEDGEMENTS 
 
This publication was supported in part by a 
Bowling Green State University Faculty 
Research Committee grant.  
 
REFERENCES 
 
1. Adamopoulos S, Parissis J Karatzas D, Kroupis 
C, Georgiadis M, Karavolias G, Paraskevaidis J, 
Koniavitou K, Coats A, and Kremastinoa D. 
Physical training modulates proinflammatory 
cytokines and the soluble fas/soluble fas ligand 
system in patients with chronic heart failure. J 
Am Coll Cardiol 39: 653-663, 2002.  
2. Alleva R, Nasole E, Di Donato F, Borghi B, 
Neuzil J, and Tomasetti M. α-Lipoic acid 
supplementation inhibits oxidative damage, 
accelerating chronic wound healing in patients 
undergoing hyperbaric oxygen therapy. 
Biochem Biophys Res Commun 333: 404-410, 
2005.  
3. Ashcroft GS, Mills SJ, and Ashworth JJ. Ageing 
and wound healing. Biogerontology 3: 337-345, 
2002. 
4. Beavers KM, Hsu FC, Isom S, Kritchevsky SB, 
Church T, Goodpaster B, Pahor M, and Nicklas 
BJ. Long-Term Physical Activity and 
Inflammatory Biomarkers in Older Adults. Med 
Sci Sports Exerc. 2010 Apr 22. [Epub ahead of 
print] 
5. Benedetti S, Lamorgese A, Piersantelli M, 
Pagliarani S, Benvenuti F, and Canestrari F. 
Oxidative stress and antioxidant status in 
patients undergoing prolonged exposure to 
hyperbaric oxygen. Clin Biochem 37: 312-317, 
2004.  
6. Cadet P, Zhu W, Mantione K, Rymer M, Dardik 
I, Reisman S, Hagberg S, and Stefano GB. Cyclic 
exercise induces anti-inflammatory signal 
molecule increases in the plasma of Parkinson's 
patients. Int J Mol Med 12: 485-92, 2003. 
EXERCISE AND WOUND HEALING 
 
International Journal of Exercise Science                     http://www.intjexersci.com 77 
7. Campos AC, Groth AK, and Branco AB. 
Assessment and nutritional aspects of wound 
healing. Curr Opin Clin Nutr Metab Care 11: 
281-288, 2008.  
8. Clark RAF. Biology of dermal wound repair. 
Dermatol Clin 11: 647-666, 1993.  
9. Colbert LH, Visser M, Simonsick EM, Tracy RP, 
Newman AB, Kritchevsky SB, et al.  Physical 
activity, exercise, and inflammatory markers in 
older adults: finding from the health, aging and 
body composition study. J Am Soc Geriatr Dent 
52: 1099-1104, 2004.  
10. Emery CF, Kiecolt-Glaser JK, Glaser R, Malarkey 
WB, and Frid DJ. Exercise accelerates wound 
healing among healthy older adults: a 
preliminary investigation. J Gerontol 60: 1432-
1436, 2005. 
11. Fairey AS, Courneya KS, Field CJ, Bell GJ, Jones 
LW, St. Martin B, et al. Effect of exercise training 
on C-reactive protein in postmenopausal breast 
cancer survivors: a randomized controlled trial. 
Brain Behav Immun 19: 381-388, 2005.  
12. Farahani RM, and DiPietro LA. Microgravity 
and the implications for wound healing. Int 
Wound J 5: 552-561, 2008.  
13. Flynn MG, and McFarlin BK. Toll-like receptor 
4: link to the anti-inflammatory effects of 
exercise? Exerc Sport Sci Rev 34: 176-81, 2006.  
14. Ford ES. Does exercise reduce inflammation?  
Physical activity and c-reactive protein among 
U.S. adults. Epidemiology 13: 561-568, 2002.  
15. Gajendrareddy PK, Chandan KS, Horan MP, 
and Marucha PT. Hyperbaric oxygen therapy 
ameliorates stress-impaired dermal wound 
healing. Brain Behav Immun 19: 217-222, 2005.  
16. Geffken DF, Cushman M, Burke GL, Polak JF, 
Sakkenen PA, and Tracy RP. Association 
between physical activity and markers of 
inflammation in a healthy elderly population. 
Am J Epidemiol 153: 242-250, 2001.  
17. Gilliver SC. Sex steroids as inflammatory 
regulators. J Steroid Biochem Mol Biol 120: 105-
115, 2010.  
18. Gomez-Cabrera M, Domenech E, and Viña J. 
Moderate exercise is an antioxidant: 
upregulation of antioxidant genes by training. 
Free Radic Biol Med 44: 126-131, 2008.  
19. Gündüz F, Şenturk ÜK, Kuru O, Aktekin B, and 
Aktekin MR. The effect of one year’s swimming 
exercise on oxidant stress and antioxidant 
capacity in aged rats. Physiol Res 53: 171-176, 
2004.  
20. Guo S, and DiPietro LA. Factors affecting 
wound healing. J Dent Res 89: 219-229, 2010. 
21. Hoffman-Goetz L, Pervaiz N, and Guan J. 
Voluntary exercise training in mice increases the 
expression of antioxidant enzymes and 
decreases the expression of TNF-α in intestinal 
lymphocytes. Brain Behav Immun 23: 498-506, 
2009.  
22. Ji L, Dickman J, Kang C, and Koenig R. Exercise-
induced hormesis may help healthy aging. Dose 
Response 8: 73-79, 2010. 
23. Kaneto H, Katakami N, Matsuhisa M, and 
Matsuoka T. Role of reactive oxygen species in 
the progression of type 2 diabetes and 
atherosclerosis. Mediators Inflamm 2010: 1-11, 
2010.  
24. Kasapis C, and Thompson PD. The effects of 
physical activity on serum c-reactive protein and 
inflammatory markers: a systematic review. J 
Am Coll Cardiol 45: 1563-1569, 2005.  
25. Keylock KT, Vieira VJ, Wallig MA, DiPietro LA, 
Schrementi M, and Woods JA. Exercise 
accelerates cutaneous wound healing and 
decreases wound inflammation in aged mice. 
Am J Physiol Regulatory Integrative Comp 
Physiol 294: 179-184, 2008.  
26. Kirsner RS, and Eaglstein WH. The wound 
healing process. Dermatol Clin 11: 629-640, 1993.  
27. Liechty KW, Adzick NS, and Crombleholme 
TM. Diminished interleukin 6 (IL-6) production 
during scarless human fetal wound repair. 
Cytokine 12: 671-676, 2000.  
28. Martin P, D’Souza D, Martin J, Grose R, Cooper 
L, Maki R, et al. Wound healing in the PU.1 null 
mouse—tissue repair is not dependent on 
EXERCISE AND WOUND HEALING 
 
International Journal of Exercise Science                     http://www.intjexersci.com 78 
inflammatory cells. Curr Biol 13: 1122-1128, 
2003. 
29. Mathur N, and Pedersen, BK. Exercise as a mean 
to control low-grade systemic inflammation. 
Mediators Inflamm 2008: 1-6, 2008.  
30. Metsios GS, Stavropoulos-Kalinoglou A, Sandoo 
A, Veldhuijzen van Zanten J, Toms TE, John H, 
and Kitas GD. Vascular function and 
inflammation in rheumatoid arthritis: the role of 
physical activity. Open Cardiovasc Med J 4: 89-
96, 2010. 
31. Nicklas, BJ, and Brinkley, TE. Exercise training 
as a treatment for chronic inflammation in the 
elderly. Exerc Sport Sci Rev 37: 165-170, 2009.  
32. Radak Z, Young Chung H, and Goto S. Systemic 
adaptation to oxidative challenge induced by 
regular exercise. Free Radic Biol Med 44: 153-
159, 2008.  
33. Radek KA, Baer LA, Eckhardt J, DiPietro LA, 
and Wade CE. Mechanical unloading impairs 
keratinocyte migration and angiogenesis during 
cutaneous wound healing. J Appl Physiol 104: 
1295-1303, 2008.  
34. Rauramaa R, Halonen P, Välsänen S, Lakka T, 
Scchmidt-Trucksäss A, Berg A, Penttila I, 
Rankinen T, and Bouchard C. Effects of aerobic 
physical exercise on inflammation and 
atherosclerosis in men: the DNASCO study. 
Ann Intern Med 140: 1007-1014, 2004.  
35. Rodruiguez PG, Felix FN, Woodley DT, and 
Shim EK. The role of oxygen in wound healing: 
a review of the literature. Dermatol Surg 34: 
1159-1169, 2008.  
36. Sen CK, Gordillo GM, Roy S, Kirsner R, Lambert 
L, Hunt TK, Gottrup F, Gurtner GC, and 
Longaker MT. Human skin wounds: a major 
and snowballing threat to public health and the 
economy. Wound Repair Regen 17: 763-771, 
2009.  
37. Shin Y, Lee J, Song W, and Jun T. Exercise 
training improves the antioxidant enzyme 
activity with no changes of telomere length. 
Mech Ageing Dev 129: 254-260, 2008.  
38. Szpaderska AM, Zuckerman JD, and DiPietro 
LA. Differential injury responses in oral mucosal 
and cutaneous wounds. J Dent Res 82: 621-626, 
2003.  
39. Verdaet D, Dendale P, De Bacquer D, Delanghe 
J, Block P, and De Baker G. Association between 
leisure time physical activity and markers of 
chronic inflammation related to coronary heart 
disease. Atherosclerosis 176: 303-310, 2004.  
40. Vieira VJ, Valentine RJ, McAuley E, Evans E, 
and Woods JA. Independent relationship 
between heart rate recovery and c-reactive 
protein in older adults. J Am Geriatr Soc 55: 747-
751, 2007.  
41. Werner S, and Grose R. Regulation of wound 
healing by growth factors and cytokines. Physiol 
Rev 83: 835-870, 2003.  
42. Wetzler C, Kämpfer H, Stallmeyer B, 
Pfeilschifter J, and Frank S. Large and sustained 
induction of chemokines during impaired 
wound healing in the genetically diabetic 
mouse: prolonged persistence of neutrophils 
and macrophages during the late phase of 
repair. J Invest Dermatol 115: 245-253, 2000.  
43. Woods JA, Vieira VJ, and Keylock KT. Exercise, 
inflammation, and innate immunity. Neurol 
Clin 24: 585-599, 2006.  
